Abstract -A coherence optimization method, which makes use of polarimetry to enhance the quality of the interferograms, has been experimentally tested under laboratory conditions in an anechoic chamber. The experiments have proved the remarkable contribution that this technique offers in two important applications: the improvement of Digital Elevation Maps (DEM) generation and the estimation of the height of vegetation targets.
INTRODUCTION
An important application of Radar Interferometry is the extraction of high resolution DEMs of terrain. The quality of the interferograms depends on the correlation (coherence) between the two complex SAR images. If a high signal-to-noise ratio is assumed and there is no temporal decorrelation, then the most important source of decorrelation is that produced by the separation between the two antennas (spatial baseline decorrelation). The difference between the two viewing angles produces a shift and a stretch of the two imaged terrain spectra that can be compensated by shifting the transmitted center frequency during the second measurement or by removing the disjoint parts of both spectra [ 11. However, the different height of the scattering centers inside the resolution cell (volumetric effects) [ Physically, this transformation can be interpreted as a change of the selected scattering mechanisms in both images. The application of these basis transformations allows us to form interferograms between all possible elliptical polarization states and combinations between both SAR images, and the best interferometric phase estimation will be given by selecting that combination which maximizes the coherence. This optimization problem has been solved in [3] by introducing a vector formulation into the interferometric coherence definition. The optimization leads to two 3 x 3 complex eigenvalue problems.
The eigenvalues are real and the optimum coherence will be given by the highest one. The interferometric phase associated to the optimum scattering mechanisms will be used in the experiments to generate the DEM of non vegetated surfaces. In addition, the eigenvalue solution yields other two pairs of scattering mechanisms corresponding to the second and third eigenvalues. If the target consists of some layers with different physical components, placed at different heights, it can be equivalently modeled by different scattering mechanisms at different heights. In this case, the second and third pair of optimum scattering mechanisms should be associated to the phase centers of these layers and, therefore, additional interferograms can be computed giving the height of these layers. An application of this processing is the estimation of the height of vegetation, since most plants can be modeled by this multilayer morphology.
EXPERIMENTAL RESULTS
In the first experiment, a 2 x 2 m planar rough surface of gravel has been measured. A series of fully polarimetric strip-map SAR data sets have been acquired in the frequency range 8 to 12 GHz, with 9 uniformly spaced viewing angles ranging from 43" to 47' (thus having angular baselines from 0.5' up to 4'). The experimental setup of the measurement is shown in Fig. 1 , With such a measurement geometry, the near-field phase distortion can be accounted for by considering a spherical wavefront illuminating the target. The 2D complex reflectivity images for each polarization have been reconstructed on a horizontal plane usinga near-field S A R processor especially suited for the EMSL geometry [6] .
As shown in Fig. 2 for the planar rough terrain, the interferometric coherence is importantly degraded as the baseline increases when using copolarized data. However, the coherence is near to one for all baselines &er applying the polarimetric optimization process. Then, it is possible to use longer baseh e distances for improving the height accuracy while keeping the coherence high. Fig. 2 also shows the mean squared height error histograms obtained for a specific baseline B = lo.
all mountain was also built using the same gravel surface. The maximum height of this mountain was 12 cm and it was located at the middle of the surface. Fig. 3 shows a comparison between the elevation map that was generated using two copolarizedr HH-HH images and that obtained after applying the polarimetric optimization algorithm. The HH-HH elevation map presents wme noisy zones where the height error is very high and therefore&e mountain can not be clearly distinguished. This height error is mainly produced by the baseline distance (spatial baseline decorrelation) and the random height distribution of the scatterers inside the resolution cell (volumetric effects). After applying the coherence optimization algorithm the noisy zones are removed and the obtained elevation Table I .
The second part of the experiment is the validation of the retrieval algorithm for vegetation height presented in [3]. The target (see photograph in Fig. 4 ) is a stand of 6 x 6 young plants of maize about 1.8 m high, uniformly planted on a square container with side length 2 m. As explained in [7], this target can be modeled by a single layer of random scatterers over the ground. The random layer occupies a height of about 1.4 m and is 0.4 m above the ground. Therefore, assuming that the dominant scattering mechanisms are associated to the random layer and the ground (or ground-trunk interaction) the expected height to be estimated is about 1.1 m, which is the distance between the center of the random volume and the ground. A fully . . Top: HH-HH channels. Boltom: Optimum polarimetric measurement was carried out in the hand 1.5 to 9.5 GHz. The elevation incidence angle ranged from 44" to 45" with a step of 0.25'. The target was rotated in azimuth with a step of 5', thus obtaining 72 independent samples. Reflectivity images where computed with a narrow bandwidth in order to enclose the whole target inside the resolution cell. The estimation results as a function of the frequency are shown in Fig. 4 for a baseline of 0.25". Despite the wider spread of estimations for low frequencies than for high frequencies and a slightly decreasing trend, the results confirm the ability of this algorithm for estimating the height of this vegetation sample at this frequency range. To the authors' howledge, it is the first result of this technique that has been successfully compared w i t h ground truth data, since previous works do not provide a precise description of the structure and true height of the measured vegetation layers [3,8].
